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CLAIMS 



[Claim(s)] 

[Claim 1] Divide incident light into the two linearly polarized lights the linearly polarized lights 
15 and the oscillating direction cross at right angles mutually, and one side is made into a reference 
beam. In a polarization interferometer which forms an interference fringe and takes out two- 
dimensional topology of a sample by compounding again and making it penetrate in order of a 
quarter-wave length board and a polarizer after making another side into sample light which 
passed through a sample A polarization interferometer which makes incident light before going 
20 into an interferometer the linearly polarized light, and is characterized by providing a means to 
rotate plane of polarization of this linearly polarized light in the direction of arbitration around an 
optical axis. 

[Claim 2] A polarization interferometer according to claim 1 characterized by making it rotate 
plane of polarization of the linearly polarized light of incident light in the direction of arbitration 
25 around an optical axis by making incident light before going into an interferometer into the 

linearly polarized light, and letting 1/2 still more pivotable wavelength plate around an optical 
axis pass. 

[Claim 3] A polarization interferometer according to claim 1 which makes incident light the 
linearly polarized light and is characterized by making it rotate plane of polarization of this 
30 linearly polarized light in the direction of arbitration around an optical axis by having the light 
source which generates the linearly polarized light, and rotating that light source around an 
optical axis. 
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DETAILED DESCRIPTION 

45 : 

[Detailed Description of the Invention] 

[0001] [Industrial Application] This invention uses a polarization interferometer, detects and 
calculates gap of the phase of light at high degree of accuracy and a high speed, is 2-dimensional 
information acquisition equipment which measures field configurations, such as an ultra- 
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precision machining product, temperature distribution, refractive-index distribution, plasma 
density, etc. in the real time, especially relates to an incident light study system portion. 
[0002] [Description of the Prior Art] The 2-dimensional information acquisition equipment 
which used the interferometer as equipment which measures refractive-index distribution, 
5 temperature distribution, and 2-dimensional distribution of the physical quantity which changes 
in time like plasma density in the real time is proposed (refer to JP,2-287107,A). When this wants 
to observe the situation for example, on the surface of a sample, To take arrangement of a 
Michelson interferometer as shown in drawing 5, and observe the situation inside a sample Take 
arrangement of a Mach-Zehnder interferometer as shown in drawing 6, and divide the light from 

1 o a laser light source 1 1 into the two linearly polarized lights the linearly polarized lights and the 
polarization direction cross at right angles mutually by polarization beam splitter PBS through a 
lens system 12, while it considers as a reference beam. Another side irradiates the measuring 
plane 14-ed (object) (19) as a sample light, and is again made into the one flux of light by 
polarization beam splitter PBS. However, the way things stand, since the plane of polarization of 

15 a reference beam and sample light lies at right angles mutually, interference is not caused. Then, 
the quarter-wave length board QWP3 set up in the 45-degree direction from a x axis and the y- 
axis and WP4 It is made to penetrate, the two linearly polarized lights are changed into the 
circular polarization of light of respectively right and left, and it is polarizer PI -P3 further. It is 
interference fringe II -13 by letting it pass. It makes. If a, phi x, and the amplitude and phase of a 

20 reference beam (the direction of S polarization y) are set [ the P polarization direction and the S 
polarization direction of polarization beam splitter PBS ] to b and phiy for the amplitude and 
phase of sample light (P polarization; x directions) for a x axis and the y-axis, respectively, 
Transmitted light reinforcement of the light which penetrated the polarizer which set 
transparency shaft orientations as theta 1= (a2+b2) / 2+ab sin (phix-phiy+2theta) (1) 

25 It becomes. Polarizer PI -P3 When Direction theta is set as 0 degree, 45 degrees, and 90 degrees, 
respectively, transmitted light reinforcement is each. II = (a2+b2) / 2+ab sin (phix-phiy) (2) 

12 = (a2+b2) / 2+ab cos (phix-phiy) (3) 

13 = (a2+b2) / 2-ab sin (phix-phiy) (4) 

Since it becomes, it is the phase contrast between a reference beam and sample light. +pi [ phi x- 

30 phi y= tan-1 {/ (11-12) /// /} (12-13) ]/4 (5) 

It is come out and given. Namely, the interference fringe II which is three from which 90 degrees 
of phases differ at a time, 12, and 13 After taking a photograph to coincidence with the television 
cameras TV 1 -TV 3 with which frequency synchronized and searching for the difference signal of 
those video signals with a signal processor 17, two-dimensional phase distribution of measuring 

35 planes-ed (object), such as refractive-index distribution, temperature distribution, and plasma 
density, can be measured in the real time by asking for an arc tangent. 

[0003] [Problem(s) to be Solved by the Invention] (5) Since phi x-phi y is not dependent on the 
amplitude a and b of a reference beam and sample light so that clearly from a formula, phase 
distribution can be measured even if the intensity ratio of the 2 flux of lights is theoretically 

40 unbalanced. However, it is [ actual ] the background (it lays underground into a2+b2/2, and 

contrast falls extremely.) where a sine wave-like interference fringe is strong so that clearly [ in 
the case of (a«b) or its reverse (a»b) ] from (1) type in the reinforcement of a reference beam 
being more remarkably [ than sample luminous intensity ] strong. If the gain of detector 
sensitivity is adjusted so that the strong background may not be saturated, it will become difficult 

45 to detect an important interference fringe, and even if it carries out an operation like (5) types, 
exact measurement becomes impossible only in noises. 

[0004] In case polarization division of the incident light is carried out, an optic is usually set up 
so that the luminous-intensity ratio which progresses to a light [ which progresses to a reference 
mirror ], and sample side may become one to one, but it is remarkable especially when measuring 
50 phase distribution of a sample with low permeability in the case where are easy to generate such 
a trouble when the output light reinforcement from sample light is low, and the shape of surface 
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type of a sample with a low reflection factor is measured in a Michelson interferometer, or a 
Mach-Zehnder interferometer. 

[0005] In order to conquer such a failure, it is also possible to insert the extinction filter ND 
corresponding to the degree of a difference on the strength (to refer to drawing 6) in the optical 

5 path (usually reference beam side) of the one where reinforcement is strong, to maintain the 
balance of the 2 flux of light on the strength, and to prevent the fall of contrast. However, the 
situation where it is dark even if it raises the sensitivity of a detector, when the whole quantity of 
light will be lost and reinforcement of the light source cannot be raised by this method, and data 
processing was impossible was also caused. 

1 0 [0006] This invention aims at obtaining the polarization interferometer which can raise the 

contrast of an interference fringe in view of the above troubles, without losing the whole quantity 
of light. 

[0007] [Means for Solving the Problem] In order to attain the above-mentioned purpose, it sets to 
a polarization interferometer of this invention. Divide incident light into the two linearly 

1 5 polarized lights the linearly polarized lights and the oscillating direction cross at right angles 
mutually, and one side is made into a reference beam. An interference fringe is formed by 
compounding again and making it penetrate in order of a quarter-wave length board and a 
polarizer, after making another side into sample light which passed through a sample. It is the 
polarization interferometer which takes out two-dimensional topology of a sample, and incident 

20 light before going into an interferometer is made into the linearly polarized light, and a means to 
rotate plane of polarization of this linearly polarized light in the direction of arbitration around an 
optical axis is provided. 

[0008] In order to make incident light before going into an interferometer into the linearly 
polarized light, it is also possible for the light source [ as / whose polarization condition is the 

25 linearly polarized light from the first ] to be used, and to make it install a polarizer immediately 
after that using the light source of random polarization, and to change light of the circular 
polarization of light into the linearly polarized light using a quarter-wave length board. 
Moreover, as a means to rotate plane of polarization of the linearly polarized light in the direction 
of arbitration around an optical axis, 1/2 pivotable wavelength plate may be installed in the 

30 surroundings of an optical axis, and the light source itself which generates the linearly polarized 
light may be rotated around an optical axis. 

[0009] Furthermore, if polarization division of the incident light besides a Michelson 
interferometer and a Mach-Zehnder interferometer can be carried out in a reference beam and 
sample light at the 2 flux of lights and phase distribution of a sample can be measured as an 
35 interferometer, to say nothing of various kinds of interferometers being applicable, it is possible 
for it not to be limited to laser as the light source, but to use Na lamp, and a mercury-vapor lamp 
and a halogen lamp. Moreover, if a phase child can also give 180-degree phase contrast, the 
Babinet Soleil compensator, king prism, the Fresnel rhomb, etc. can also be used besides 1/2 
wavelength plate. 

40 [0010] [Function] Drawing 4 explains the polarization condition of the incident light in the 

polarization interferometer constituted as mentioned above. For example, if output light comes 
out by the gain of a:b from the difference in a reflection factor or permeability even if it 
distributes and inputs light into a sample light and reference beam side by the gain of one to one, 
the gain of output light can be made into one to one by adjusting the gain of the light inputted 

45 beforehand to b:a. 

[001 1] When rotating the light source which generates the linearly polarized light around a direct 
optical axis, it is the incidence linearly polarized light E0. The oscillating direction alpha= tan-1 
(a/b)(6) 

What is necessary is just to set it as the angle to satisfy. On the other hand, in the case where 1/2 
50 wavelength plate is used, the oscillating direction (angle alpha) of the incidence linearly polarized 
light carries out rotation adjustment of the oscillating direction by rotating the direction of the 
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phase leading shaft f of 1/2 wavelength plate (angle beta), fixed. Since the oscillating direction of 
the linearly polarized light is changed in the symmetrical direction about the phase leading shaft f 
of 1/2 wavelength plate, oscillating direction E0 1 after 1/2 wavelength-plate transparency 
consists of a x axis in the direction to which only the angle (2 beta-alpha) inclined this — tan(2 
5 beta-alpha) =a/b - namely, — beta= { alpha-Han- 1 (a/b)}/2 (7) 

If rotation adjustment of the 1/2 wavelength plate is carried out in the bearing to satisfy, the 
contrast of an interference fringe will become max. 

[0012] [Example] It is the example which applied this invention to the Michelson interferometer 
used when this example measures the shape of surface type of a sample by the reflected light in 

10 drawing 1 hereafter to explain the polarization interferometer of this invention with reference to a 
drawing. Using the laser 1 1 which outputs the linearly polarized light to the light source, the light 
from this laser light source 1 1 is inserted immediately after that, it is divided into the two linearly 
polarized lights to which bearing with which are satisfied of (7) types, and the polarization 
direction cross at right angles mutually by polarization beam splitter PBS through 1/2 wavelength 

15 plate HWP and lens system 12 by which rotation adjustment was carried out, and one side is a 
reference beam. The reference side 15 is irradiated, and another side irradiates the measuring 
plane 14-ed (sample) as a sample light, and is again compounded to the one flux of light by 
polarization beam splitter PBS. It is the quarter-wave length board QWP3 set up in the 45-degree 
direction from a x axis and the y-axis since the plane of polarization of a reference beam and 

20 sample light lay at right angles mutually the way things stand, and interference was not caused. It 
is made to penetrate and the two linearly polarized lights are changed into the circular 
polarization of light on either side, respectively. As shown in drawing 5 after an appropriate time, 
a polarization wave face is divided into three by the polarization wavefront-splitting optical 
system 16, and it is polarizer PI -P3 further. They are interference fringes II -13 by letting it pass. 

25 It makes. The interference fringe II which is three from which 90 degrees of these phases differ 
at a time, 12, and 13 After taking a photograph to coincidence with the television cameras TV1- 
TV3 with which frequency synchronized and searching for the difference signal of those video 
signals with a signal processor 1 7, by asking for an arc tangent, two-dimensional phase 
distribution of the measuring plane 14-ed is measured in the real time, and the measurement 

30 result is displayed on a display 1 8. 

[0013] It is the example which applied this invention to the Mach-Zehnder interferometer used by 
it in case this example measures the phase distribution inside a sample by the transmitted light for 
drawing 2 to iexplain other examples. The laser 1 3 which outputs random polarization is used for 
the light source, and it is a polarizer P4 immediately after that. It considers as the linearly 

35 polarized light, and it inserts, 1/2 wavelength plate HWP is inserted continuously, and rotation 
adjustment is carried out in the bearing with which are satisfied of (7) types. The light from a 
laser light source 1 3 is divided into the two linearly polarized lights the linearly polarized lights 
and the polarization direction cross at right angles mutually by polarization beam splitter PBS 
through these polarizers P4, 1/2 wavelength plate HWP, and a lens system 12. By one side 

40 considering as a reference beam, another side irradiates the transparence body (sample) 19 as a 
sample light, and is again compounded to the one flux of light by polarization beam splitter PBS, 
and it is the quarter-wave length board QWP4. As it is made to penetrate and is shown in drawing 
6 after an appropriate time A polarization wave face is divided into three by the polarization 
wavefront-splitting optical system 16, and it is polarizer PI -P3 further. It lets it pass. Interference 

45 fringe II -13 It makes. The interference fringe II which is three from which 90 degrees of these 
phases differ at a time, 12, and 13 After taking a photograph to coincidence with the television 
cameras TV1-TV3 with which frequency synchronized and searching for the difference signal of 
those video signals with a signal processor 17, by asking for an arc tangent, the two-dimensional 
phase distribution inside the transparence body (sample) 19 is measured in the real time, and the 

50 measurement result is displayed on a display 18. 

[0014] It is what this example possessed the device 20 in which that laser 1 1 was rotated around 
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an optical axis in drawing 1 example using the laser 1 1 which outputs the linearly polarized light 
as the light source for drawing 3 to explain the example of further others, and carried out rotation 
adjustment of the laser 1 1 main part in the bearing with which are satisfied of (6) types, and other 
configurations are the same as that of drawing 1 example. 

[0015] [Effect of the Invention] Since this invention is constituted as explained above, by rotating 
the plane of polarization of the incidence linearly polarized light in the direction of arbitration 
around an optical axis, it can change continuously the rate of the light divided into a reference 
and sample side, can set it as the optimal quantity of light ratio, and can raise the contrast of an 
interference fringe. Although there was a method which permeability sets as the optimal 
permeability using the extinction filter which changes continuously also conventionally, when it 
was not able to be set as the uniform quantity of light over the whole surface of the two- 
dimensional observation field of a sample, but a large field was observed, the nonuniformity of 
an interference fringe arose and contrast was doubled with the specific location, now, it had 
lapsed into the dilemma that the contrast of other locations falls. However, in this invention, 
adjustment of the quantity of light is made in rear-spring-supporter homogeneity on all over an 
observation field, and the ununiformity of contrast is not started at all. Of course, in this 
invention, since an extinction filter is not used, the quantity of light is not lost and all the light 
from the light source can be used. Therefore, even if it uses the light source of a small output, an 
image is bright, the accuracy of measurement improves and the miniaturization of a measuring 
beam study system is also attained. Furthermore, in this invention, since it can perform freely 
supplying light only to one side by the side of a reference beam and sample light, also in case the 
condition of an optical path is checked, convenience is good, and also when it is optical 
adjustment of an interferometer, there is also a secondary effect of being convenient. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the optical-system important section using 1/2 wavelength 
plate with the one example equipment of this invention. 

rDrawing 21 It is drawing showing the optical-system important section vising a polarizer and 1/2 
wavelength plate with other example equipments of this invention. 

[Drawing 31 It is drawing showing the optical-system important section possessing the device in 
which the laser light source which generates the linearly polarized light is directly rotated with 
the example equipment of further others of this invention. 

[Drawing 41 It is drawing showing the condition of polarization bearing in this invention. 
[Drawing 51 It is the block diagram showing the field configuration gaging system using a 
polarization Michelson interferometer with conventional 2-dimensional information acquisition 
equipment. 

rDrawing 61 It is the block diagram showing the transparence body gaging system using a 
polarization Mach-Zehnder interferometer with conventional 2-dimensional information 
acquisition equipment. 
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[Description of Notations] 

11— Laser light source (linearly polarized light) 12 — Lens system 

13 — Laser light source (random polarization) 14 — Measuring plane-ed 

15 — Reference side 16 — Polarization wavefront-splitting optical system 

17 — Signal processor 1 8 — Display 

19 — Transparence body 20 — Laser rolling mechanism 

PBS - Polarization beam splitter QWP1-QWP4 - Quarter-wave length board 

HWP - 1/2 wavelength plate P1-P4 -- Polarizer 

TV 1 -TV 3 - Television camera 11-13 — Interference fringe 



[Translation done.] 
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Machine Translation for JP 10089935 

* NOTICES * 

Japan Patent Office is not responsible for any 
5 damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An aspheric surface interference metering device which is characterized by providing 
15 the following and which measures a configuration of said specimen plane based on interference 
of the reflected light in a specimen plane of an aspheric surface configuration, and the reflected 
light in respect of criteria reference A field configuration error measurement means to search for 
a configuration error over said criteria reference side of said specimen plane through interference 
with the reflected light in respect of [ said ] criteria reference, and the reflected light in said 
20 specimen plane A maintenance means to hold said specimen plane pivotable to the circumference 
of a measuring beam shaft A cat's-eye reflector which forms a cat's-eye reflective condition of the 
shape of zona orbicularis by measuring beam irradiated towards said specimen plane An 
operation means negate the error resulting from the wave-front configuration of said measuring 
beam irradiated by said specimen plane based on the data of said field configuration error 
25 measurement means in two conditions which made an angle of rotation of the circumference of 
said measuring beam shaft of said specimen plane 0 times and 1 80 degrees, and the data which 
carried out wave-front composition and obtained data of said field configuration error 
measurement means in a cat's-eye reflective condition of the shape of said zona orbicularis, and 
search for the configuration of said specimen plane 

30 ; : — : : 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
45 [0001] [The technical field to which invention belongs] This invention relates to the aspheric 
surface interference metering device which measures the specimen plane configuration of the 
aspheric surface using interference of light. 

[0002] [Description of the Prior Art] For example, the Z-axis is used as an optical axis and the 
cross-section configuration in Y= 0 flat surface is [Equation 1]. 
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Z=X2 / R/{l+(l-kappaX2 / R2) 1 / 2} 

+ C04X4+C06X6+C08X8+C 10X10 ... Formula (1) 

the case where the configuration error (the geometric configuration error and profile irregularity 
error from a layout value) of an analyte side is measured using an interferometer in the case of 
5 the specimen plane which has the high order aspheric surface configuration which came out and 
vised the secondary aspheric surface expressed as the base — the so-called null - interference 
measurement is performed. 

[0003] such null — the null which has an aspheric surface configuration equivalent to the aspheric 
surface which is specimen plane 4a of the **-ed lens 4 about the plane wave injected from the 

1 0 main part 1 0 1 of an interferometer, and the main part 1 0 1 of an interferometer as the equipment 
used for interference measurement is shown in drawing 3 — the null for changing into a wave 
front - it has the-izing element 102. Image formation locations differ in the direction of an 
optical axis with the function of the distance from an optical axis, and the flux of light which 
carries out incidence to the Nur-ized element 102 is designed so that a close echo may be carried 

15 out at right angles to specimen plane 4a of the **-ed lens 4. 

[0004] When the usual condenser lens is used as this Nur-ized element 102, the so-called activity 
of a FIZO lens is difficult, it is because it must be inevitably alike and the Fizeau side must also 
be made into the aspheric surface, if specimen plane 4a is the aspheric surface when it is going to 
make the reflected light from the last side of a condenser lens, and the reflected light from 

20 specimen plane 4a interfere, therefore, as a criteria reference side for interfering with specimen 
plane 4a, a TOWAIMAN mold is adopted as the main part of an interferometer, and the reference 
beam side carried out 2 ****s by the beam splitter inside the main part of an interferometer is 
equipped, or (a graphic display is omitted) it is shown in drawing 3 as a false Fizeau mold 
interferometer - as - null - the high-degree-of-accuracy plate (FIZO flat) 9 which has criteria 

25 reference side 9a will be inserted between a-izing element and the main part of an interferometer. 
[0005] Anyway, between a criteria reference side and analyte side 4a, it is not avoided that the 
factor which disturbs the wave front of a measuring beam exists, but it needs to cope with these 
factors carefully. What is necessary is just to adopt the Nur-ized element of a zone plate mold, in 
order to eliminate this factor. 

30 [0006] [Problem(s) to be Solved by the Invention] However, even if the ideal Nur wave front as a 
layout value which is expressed with a formula (1) is formed in a position, if only the constant 
rate which exists in the direction of an optical axis of an interferometer from a position is 
displaced in order that ordinary light may go straight on, the Nur wave front will change the 
geometric configuration of the aspheric surface. Specifically, each coefficient of a formula (1) 

35 will deviate from a layout value. However, the so-called interference fringe of "striped Isshiki" 
will be obtained by installing only the amount by chance as it with the more nearly same 
specimen plane 4a in the location where only the above-mentioned constant rate displaced the 
specimen plane 4a, if the geometric configuration has deviated from a layout value. 
[0007] the null constituted as this showed by drawing 3 — only from the interference fringe 

40 obtained with an interferometer, it is theoretically impossible to measure the aspheric surface 

configuration of specimen plane 4a to accuracy, and it shows that it is necessary to also grasp the 
location of the direction of an optical axis of specimen plane 4a to accuracy. 
[0008] Furthermore, even if the location of specimen plane 4a is able to be decided to accuracy, 
when the Nur wave front in a position itself has deviated from a layout value this time, there is a 

45 problem that proofreading of the Nur wave front itself is also needed. 

[0009] The object of this invention eliminates the error resulting from the wave-front 
configuration of a measuring beam, and is to offer the aspheric surface interference metering 
device which can carry out configuration measurement of the exact aspheric surface. 
[0010] [Means for Solving the Problem] If it matches and explains to drawing 1 and drawing 2 

50 which show a gestalt of 1 operation, invention according to claim 1 will be applied to an aspheric 
surface interference metering device which measures a configuration of specimen plane 4a based 
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on interference of the reflected light in specimen plane 4a of an aspheric surface configuration, 
and the reflected light in respect of criteria reference. And field configuration error measurement 
means 1 and 6 to search for a configuration error over a criteria reference side of specimen plane 
4a through interference with the reflected light in respect of criteria reference, and the reflected 
5 light in specimen plane 4a, A maintenance means 5 to hold specimen plane 4a pivotable to the 
circumference of the measuring beam shaft XI, Cat f s-eye reflector 4a which forms a cat's-eye 
reflective condition of the shape of zona orbicularis by measuring beam irradiated towards 
specimen plane 4a, Data of a field configuration error measurement means in two conditions 
which made an angle of rotation of the circumference of the measuring beam shaft XI of 

1 0 specimen plane 4a 0 times and 1 80 degrees, It is based on data which carried out wave-front 

composition and obtained data of the field configuration error measurement means 1 and 6 in a 
cat's-eye reflective zona-orbicularis-like condition. The above-mentioned object is attained by 
having an operation means 6 to negate an error resulting from a wave-front configuration of a 
measuring beam irradiated by specimen plane 4a, and to search for a configuration of specimen 

15 plane 4a. 

[001 1] In addition, although drawing of a gestalt of implementation of invention was used by 
term of above-mentioned The means for solving a technical problem explaining a configuration 
of this invention in order to make this invention intelligible, thereby, this invention is not limited 
to a gestalt of operation. 

20 [00 1 2] [Embodiment of the Invention] Hereafter, the gestalt of 1 operation of the aspheric surface 
interference metering device by this invention is explained using drawing 1 and drawing 2 . The 
main part of an interferometer with which 1 injects a plane wave in drawing 1 (a), the reference 
side body with which, as for 9, criteria reference side 9a was formed, The Nur-ized element 
which changes into the Nur wave front the plane wave which 2 was injected from the main part 1 

25 of an interferometer, and penetrated the reference side body 9, The Nur-ized element 

maintenance adjustment device in which 3 holds the Nur-ized element 2, the **-ed lens, with 
which, as for 4, high order aspheric surface 4a was formed, The **-ed lens maintenance 
adjustment device in which 5 supports the **-ed lens 4 pivotable in the direction of the 
circumference of an optical axis, the arithmetic unit, with which 6 computes the profile 

30 irregularity error of the **-ed lens 4 in response to the picture signal from the main part 1 of an 
interferometer, and 7 are displays (monitor) which display the result of an operation by the 
arithmetic unit 6. 

[001 3] 8 is a laser length measuring machine which measures the location of the direction of an 
optical axis of the **-ed lens maintenance adjustment device 5, and is equipped with cube- 
35 corner-reflector 8b made removable [ the laser length measuring machine 8 ] in laser light source 
8a and the **-ed lens maintenance device 5, reference mirror 8c for length measurement, and 8d 
of laser beam detection equipment. 

[0014] After the plane wave injected from the main part 1 of an interferometer penetrates the 
reference side body 9, it is changed into the Nur wave front by the Njir-ized element 2. null — the 

40 null formed of the-izing element 2 — interference measurement of specimen plane 4a is attained 
to a wave front by carrying out alignment of the specimen plane 4a of the **-ed lens 4 to a 
position according to the **-ed lens maintenance adjustment device 5. Alignment is performed 
by carrying out the monitor of the image pick-up of the interference fringe by the CCD camera 
built in the main part 1 of an interferometer. 

45 [001 5] The measuring beam shaft XI of this interference measurement system is guaranteed by 
carrying out ball push of the Nur-ized element 2 on hardware criteria (datum-level criteria of a 
lens-barrel). In addition, in order to guarantee the measuring beam shaft XI more strictly, it is 
necessary to arrange with the measuring beam shaft XI the medial axis of the distortion which is 
not avoided by the usual interferometer photometry system. Moreover, in order to perform high- 

50 degree-of-accuracy measurement, it is desirable to install the migration shaft of a migration 
device in an optical axis XI and parallel. 
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[0016] The interference fringe formed in the interior of the main part 1 of an interferometer is 
picturized by the CCD camera built in the main part 1 of an interferometer, and the picture signal 
is inputted into an arithmetic unit 6. The information on specimen plane 4a is beforehand inputted 
into an arithmetic unit 6, and it has the function to calculate and memorize a coefficient required 

5 for an operation, the device in which the picture signal from the CCD camera within the main 
part 1 of an interferometer is changed into optical-path-difference data, and the function that 
analyzes optical-path-difference data based on the coefficient mentioned above, and computes the 
profile irregularity error of specimen plane 4a. And the profile irregularity error (measurement 
result) of specimen plane 4a called for withlhe arithmetic unit 6 is displayed on a display 7. 

10 [0017] The **-ed lens maintenance adjustment device 5 in which the **-ed lens 4 is held It 

consists of part I material 5a, part II material 5b, and part HI material 5c, and part I material 5a in 
which the **-ed lens 4 was attached receives part II material 5b. A tilt, Sliding is made that it can 
shift and possible, part II material 5b is made rotatable in the direction of the circumference of an 
optical axis XI to part HI material 5c, and sliding of part III material 5c is enabled [ that a tilt and 

15 a shift are possible and ] to the migration device in which it does not illustrate. And after sliding 
part I material 5a and making the aspheric surface shaft of specimen plane 4a of the **-ed lens 4 
once in agreement with the axis of rotation of part II material 5b by adopting such structure, 
Next, when the axis of rotation of part II material 5b was made in agreement with an optical axis 
XI by part m material 5c and part II material 5b is rotated to part HI material 5c, it becomes 

20 possible to rotate the **-ed lens 4, without the aspheric surface shaft of specimen plane 4a 
shifting from an optical axis XI . 

[0018] Moreover, part HI material 5c is made movable in the optical-axis XI direction through 
the migration device in which it does not illustrate, and can adjust the location of the optical-axis 
XI direction of the **-ed lens 4 by using this migration device. 

25 [0019] As shown in drawing 1 , the location of the optical-axis XI direction of the **-ed lens 4 is 
measured by the laser length measuring machine 8 through the location of the optical-axis XI 
direction of the **-ed lens maintenance device 5. Although the laser length measuring machine 8 
is illustrated one set in drawing 1 , the laser length measuring machine 8 is actually formed in 
two places by setting a symmetry axis as an optical axis XI , and an Abbe error can be removed 

30 by taking such arrangement. With the equipment of the gestalt of this operation, although the 

direct monitor of the specimen plane 4a cannot be carried out, the need of measuring the location 
of specimen plane 4a directly depending on the measuring accuracy demanded may arise. 
[0020] Since the measurement value measured by the laser length measuring machine 8 is fed 
back to the migration device of the **-ed lens maintenance device 5 through a non-illustrated 

35 control unit, it is made controllable [ the location of the optical-axis XI direction of the **-ed 
lens 4]. 

[0021] The procedure in the case of carrying out configuration measurement of specimen plane 
4a using <the procedure of measurement^ next drawing 2 with the configuration measuring 
device of the gestalt of this operation constituted as mentioned above is explained. The 
40 measurement procedure mentioned later applies the technique (John Wiley & Sons, 426 pages - 
429 pages of 1978) for proofreading absolutely the profile irregularity of the spherical surface 
which Jensen/Bruning and others advocated to the aspheric surface. 

[0022] First, the **-ed lens maintenance adjustment device 5 is adjusted, and the aspheric surface 

shaft of specimen plane 4a of the **-ed lens 4 and the axis of rotation of part II material 5b are 
45 made in agreement with the measuring beam shaft XI . And it is [Equation 2] when the profile 

irregularity data of specimen plane 4a measured by the arrangement which shows the angle of the 

direction of the circumference of the optical axis XI of the **-ed lens 4 to drawing 2 (a) when 

considering as the angle (theta= 0) of arbitration is set to Dl . 

D1=F(0)+W (0) +S (0) ... Formula (2) 
50 It comes out. Here, F is the profile irregularity error of the criteria reference side of an 

interferometer, and expresses the error of criteria reference side 9a in drawing 1 . Moreover, the 
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error given to measurement of a profile irregularity error with the gaging system with which W 
includes the profile irregularity error of specimen plane 4a, and S includes an interferometer and 
the Nur-ized element 2 is expressed. Furthermore, the subscript in a parenthesis expresses the 
angle of rotation theta of specimen plane 4a of the circumference of the measuring beam shaft 
5 XI , the angle shown by theta= 0 as mentioned above is zero criteria set as arbitration at the time 
of the first measurement, and the angle when rotating specimen plane 4a 180 degrees is expressed 
with theta=pi. 

[0023] Next, although the **-ed lens maintenance adjustment device 5 is operated and the **-ed 
lens 4 is rotated 1 80 degrees to the circumference of the measuring beam shaft XI as shown in 
10 drawing 2 (b), the aspheric surface shaft of specimen plane 4a does not shift from the measuring 
beam shaft XI as mentioned above. Therefore, it is [Equation 3] when the profile irregularity 
data of specimen plane 4a when rotating the **-ed lens 4 1 80 degrees is set to D2. 
D2=F (0) +W(pi) +S (0) ... Formula (3) 

It comes out. In addition, it is related with the measurement data of Dl and D2. the time of 

1 5 rotating the **-ed lens 4 — the location of specimen plane 4a — null, although it is necessary to 
measure the location of the measuring beam shaft XI direction of specimen plane 4a in order to 
realize high-degree-of-accuracy measurement since it becomes impossible to take correlation 
with Dl and D2 when it displaces in the measuring beam shaft XI direction to a wave front This 
location is measured by the laser length measuring machine 8 . 

20 [0024] It continues, and as shown in drawing 2 (d), the cat's-eye reflective condition in the **-ed 
lens 4 is formed about the flux of light injected from the Nur-ized element 2. Since the light 
which Nur-ized element T becomes the usual FIZO lens, and is injected after this forms a focus 
when specimen plane 4a[ of **-ed lens 4' ] * is the spherical surface temporarily, as shown in 
drawing 2 (c), it is possible to realize a cat's-eye reflective condition, since [ however, ] criteria 

25 reference side 2a is the aspheric surface — null — a wave front — a spherical wave - not but — 
therefore, it is theoretically impossible to realize a cat's-eye reflective condition at a time. Then, 
as shown in drawing 2 (d), measurement data D3i in two or more cat's-eye reflective conditions is 
divided and measured according to an individual by moving the **-ed lens 4 in the optical-axis 
XI direction, and wave-front composition based on each data D3i is performed. The 

30 measurement data [ in / by wave-front composition / a cat f s-eye reflective condition ] D3 is 
[Equation 4]. 

D3=sigmaD3i ... Formula (4) 

It can be alike and can ask more. Here, measurement data D3 has been obtained by connecting 
zona-orbicularis-like measurement data D3i which has a superposition portion so that those 

35 superposition portions of **** may suit most. 

[0025] In addition, since it is not theoretically avoided that spherical aberration rides unless the 
zona-orbicularis-like data of each D3i prepares data D3i of a countless individual and connects it, 
it cannot be overemphasized that the amendment is needed. Although measurement of the 
location of specimen plane 4a is needed like a **** reflective condition for the amendment, it is 

40 measurable with the laser length measuring machine 8. 

[0026] In a cat's-eye reflective condition, for the outward trip and return trip of the flux of light, 
since it comes to the location which serves as the symmetry of revolution mutually to the 
measuring beam shaft XI , D3 is [Equation 5]. 
D3=(F (0) +F (pi)) /2+S (0) ... Formula (5) 

45 It can be alike and can express more. Therefore, W (0) is [Equation 6] by the formula (2), the 
formula (3), and the formula (5). 
W (0) = (Dl+D2-D3-D3)/2 ... Formula (6) 

It can be found by carrying out. Although this operation is performed by the arithmetic unit 6, the 
portion which added the underline shows the data made to rotate profile irregularity error data 
50 180 degrees within an arithmetic unit 6. Namely, [Equation 7] 
D2-F(pi) +W (0) +S (pi) ... Formula (7) 
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D3=(F(pi) +F (0)) /2+S (pi) ... Formula (8) 
It comes out. 

[0027] In addition, **** 1 1 shown in drawing 1 (b) may be used instead of using specimen plane 
4a as a reflector, in case the cat f s-eye reflective condition shown in drawing 2 (c) is formed. 
5 [0028] As explained above, in the aspheric surface interference metering device of the gestalt of 
this operation The measurement data Dl and D2 in two conditions of having rotated specimen 
plane 4a 180 degrees mutually, Since the configuration of specimen plane 4a is computed based 
on the data D3 which carried out wave-front composition and obtained measurement data D3i in 
a cat's-eye reflective zona-orbicularis-like condition null — the configuration of the-izing element 
1 0 2, and null — the effect of the configuration error of the measurement wave front resulting from a 
location gap of the installation location of the-izing element 2 etc. can be eliminated, and exact 
configuration measurement of specimen plane 4a is attained. 

[0029] [Effect of the Invention] Since he is trying to negate the error resulting from the wave- 
front configuration of a measuring beam based on the data of the field configuration error 
1 5 measurement means in two conditions of having rotated the specimen plane of each other 1 80 

degrees, and the data which carried out wave-front composition and obtained the data of the field 
configuration error measurement means in a cat's -eye reflective zona-orbicularis-like condition 
according to this invention as explained above, the configuration of a specimen plane can be 
measured to accuracy. 

20 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
35 [Drawing 11 It is drawing in which being drawing showing the gestalt of 1 operation of the 

aspheric surf ace interference metering device by this invention, and showing drawing in which 

(a) shows the whole gestalt of 1 operation, and the cat ! s-eye reflective condition of having formed 

(b) by****. 

[Drawing 21 Drawing showing the measurement procedure by the aspheric surface interference 
40 equipment of the gestalt of operation shown in drawing 1 . 

[Drawing 31 Drawing showing the optical arrangement in the case of performing configuration 

measurement of the aspheric surface in conventional equipment. 

[Description of Notations] 

1 Main Part of Interferometer 
45 4 **-ed Lens 

4a Specimen plane 

5 **-ed Lens Maintenance Adjustment Device 

6 Arithmetic Unit 

50 : = : — 
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[0008]$ ^fc tWtmi aOfia^TESItc 

5i^-C'# t vx i> . ^-m\iB^.<mwizii tt* 

co h coconjE t i&mtt Zb^o ffiMtfh h . 

[o 0 0 9 ] *»BHws«(i. m&/£<o%mm#izjm 

[00 10] 

fcj;^2 £ttj&oit-ci& B J?-ri> k . n^i 1 tciew^ 

^ti. ^W^K^^m4a-C^KI*^fcJ;l^»¥ 
#Hg[g-CO^tt^O^Fj#t;*^V^T^iH4 aCO&tt* 

mm-Mm-m=F&stwgmizmm2ti&. zLx.m 

Wm«mX' coWttltbWfoWA aT-OKIt^k^T^Sr 

itLxmrni acommm?mizm-2>mtf.m&z-%#> 
z>mmM.m\m^m. 1.6k. *^ffi4 a srsn^w 
xnao^mte^rtit^-rs^^ssk. s^®4 

^RSttt®tr^B£-rS^f-vy > yr-fSltffi4 ak. 
ffi4 a08!l^3tttX 1 ElOOigfeftSrO^ it/l 8 0 



(3) 
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[0 0 12] 

[jwsoiai^iM kt, iaifcJ;^ii2Srffl^t:* 
mwtz>. 01(a) \,za^x. i {^assrwai-r^ 

t,te¥-wmzfr&Miz$zm-rzz)i>{£m?. 3&?ju 
^mm4a.im^tifzm^^y^ 5\mm\s>x4 

fcu>x4oB»£gyi£araiT*>8t£isa. 71*** 

§£S6KJ:6tg3t&m£**W-3**^a f 
[0013] Sfitfe&l^X^P^^^fifcfrft 

u^—rases a k . wmv >xmmm 5 izmm&m 

b t— * a-/8 b b . m&mmkS. 7-8 

[00 143 Tj^tWfc 1 *» felMSSilSfHWt # 

ic»u wms>X4<7>mm4 **wm\s>x%xm 
warn 5 t ± o^fiicT?^ ^ y h-rs -fctci 

9. »«iB4a£OT#H-jBI* i 'artit : 5:S. T^^yh 
tt=F«W*# 1 fcrtJKS*tfc CCD^7t:i ST^a 

[00 1 53 £«0T«»taW*>«I5£3l6ttx l (4. 

tfcj:D«iEtTv^. ivssmtzms&mxi 

ft&vvf^xi — i/3>co<fr'£Mt:Mfe%MX. 1 bWiz. 

«^0^16«i$-3t«X 1 fcTff «KIUT*J <c\kt>m 

[00 1 63 T^ft*^ 1 Oftmz&fcZtlfzTBffi 
t4. ■TmhWki izftW&titzCCDt^vlzX os® 



(ss^sm) #^sb7 e^siii . 

[00 1 73 W&\'>X4Z%ft^Z>W&VVX&ftm 
WSm5\±. »l**f5a. m2§|5«5bt3j:tXm3g5 
#5c*>£>3:9, &1fc^X4«<BX9fttt'biT.*:gil3ff 
«5aJ±m2a5«5b^*ft'Cr'f/Wb. i^M^tE 

TiwroMfctsfu m2gB«5b(±m3gp«5ctc:*irL 

TftttX 1 HD#rtlfclIllJf"rttfc £*U 3*3gW5 c 

-f&vIfcKefc'K -3. mia5»5a^»S*'C«^ 
VVX4<7)W&m4 a^»^S2IW5 b<DE]& 
Hfc-RS-ltfcSL *3»«5cfcJ:'5*2»» 
5bcr>0©fib£3fci&X 1 fc— ^$-££>i:. 3l2gW*5b 
£?83&tt5clcttLTlI]!Jl£-fr*:2:£k:. I£&ffi4 a 
<^N$BW#ft«|X 1 *>ifilS i k%<,Wfe^sX4 
Z 0i& $ S i t tMm t -S. . 
[00 183 *7tm3gW5 c<±^FI2^<0^i!J®<S*^- 
LT^fSXl -XilMz&Wmm k£tlX3o 0 . - O^UflS 

«tfflv^&i.ktJ:oTa«iP>'X403ttifcxi*rti<o 

[ 0 0 1 9 3 Hi K*i-«t5 lfe^VyX403t«iX 

1 ^^^{aati^i^ yxmmn 5 <?>?m x 1 ^<r> 

{mZ1YLXy-*fM£:&Slz3:mmZti&. ait 
(41^-^*118^1 ^^ia^S^TV%SA«. 
teftttlX 1 JSfttth LT 2®@ftl^-ifSI*^8^ 
IftytlXtS*). Zco£o%W!mzmz>ZklzJ:*)T-y^ 

^trjx 0 ^ < z t wx'% h . ^mm<ommc^mx' 
^tthm^(onmzxr>ximtm4 a^iaa^iis 

[00203 L—if«!lftfs8{cJ: 0«-S8§ix^H"aHi 
t4. ^FB^^Jffll^a^^-LTl&^I^^XfiHtiamso 

itfftx 1 ^•r6]^fia* s ©Jffln i I^fc . 

[002 1] <S!l^O¥)ffl>i>:t. H2 SrfflWC , tLh 

m&m4 *<nmmfetthi%&<7>^w&z^xwmt 

h. ®&t&ffi&£M$J e n s e n/B runing 

(John Wiley & Sons, 1978m 

2 6H~4 2 95) £ ^NMdJEffi Ltz\><F>X'$>h . 

[0022] ±-r»mz. w&\s>x&.&mm!&m5 z 
mm. lt . v vx 4 crymm 4 a <mmwma «t v 

m2^#5b<7)lllte*4^a9^ti6Xl^-S:$-«i:l». 
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jg (0 = 0) bLK.bZV>Wl2 (a) iZ^tSMrCW^ 
Ztt&WtffiMA a<7>Bftfl£T— :?£D 1 b~thb, 

D1=F (0) +W (0) +S 

X't>*). Hl^tJftSS^#^ffi9a<0^HSr^LTV> 

ttz. vfim&mi aojsws^n. siiT^n-fc 

5£3^X109^&BtB4 atfJlIlteftJg^SrflU _L3£ 

Cl£«§^-fe'n»f6T-*) 0 . &&B4 a£ 1 8 O«0 
D2 = F(0)+W(jt)+S 

Ji. fefcl^X4£[e]!igS^l^»&B4a<7Maa# 

?A>%mizfiLxw%%Mx i :frfa£3£ft-f £ d i b 
D2b <?>fflmmix%:<*i:&tz#>. imgMfezgM-t 
ZizMzit. m%M4 a.coW$£tmx 1 *^fiS?rH- 

[0 0 24] O^WC. 02 (d)t^J:-ptC. 

km¥ 2 fremiti ztitz%3iizi\ yxmrnis >*4 x-<r> 

*wyT4&MimZ&&-t&. 122 (c) iZTfrtJ: 

o e. mzwm^yxA ' comm* a - immx'$>& 

b LtzMHrlzte. Z)VftM : *2 ' \xm<r>y 

x\ **-y vtj %Mtvmz$mt& Z t iM&X'h 

LfrLW$mffl!R2ammWX'*>&tz#>>i)VWffi 
im.m&T&< . LtzW-oX** -y 'y7MRIt#J$£ 1 

mzmmr&^btewmmz^smx'hh. zzx\ m 
2(d) iz^ti. o f,zmk^yxA £fti*x iyj^z^ 

mZ&&Zblz£9.m!l<0**'yVT'i%MttfmX'<D 
D 3 = ( F (0) +F (tc) ) 
izXO&.-tZbtfX'ZZ. L*:**-pt\ A(2> , A 
( 3 ) is .fctfi* ( 5 ) fci 0 . W ( 0 ) tf. 

W (0) = (D1+D2-D3 

D2 = F ( ?r ) +W ( 0 ) + S 
D3= (F (jt) +F (0) ) 

x-hh. 

[00 27] 3rii\ 12 (c) l^t^-r7 77^R« 

^ociai (b) tc^-rw^-i l^ffl^rtiv^. 

[0028] JilhlPJiLfc J: o fc, *HJS^®^^ 
ffi^ffSl^aT'^. i£t*B4 a £Z^£ 1 8 O^EHg 

z-ttz 2mnmiz}n?hmfeT-?D i fcit^D 2 

b . t&ftVico** -y VT4 ^M^mzH^h'mff—^ 
D 3 i £i£B-£l£ \,XWzir-9 D 3 1 , «^ 

B4aOJ^KSr»ajLT^S<7)-C\ ZM\M?t2<r)Wfc. 

*%)Vfo%^2<T)wmLwr>&m^m\,zwm-hmiz 



[ISc2] 

(0) • • (2) 

[0 0 23] <»C. 02 (b) fcflrf<fco£. ft^l^ 

lEIOl-l 80JK@&§i2:&#. ±3&7)J: 5 fc. f£l$B 
4 a (rtmWMUmfeftMX 1 *» fefflS £ b (i&V 
U^^t, &&uyX4£ 1 8 0JgE<6S-£*:i$<7>& 
i!4a <Offl»IIf - 9ZV2b'tZ>b. 
[1*3] 

(0) ■■■•*■( 3) 

39^-^0 3 i zmmzttmLxmmL, <i*«o-f- 

?D3i (cS^vvblftllHMt^ff d . mm&J&lzJ: 0 , 

-y >y 7M RSMfc^Kfcft&SlJtx-:? D 3 
[84] 

D3=ZD3i • ■ • (4 ) 

SI^^OS!l^x-^D3 i -£ii.£><OS©aJ##S 
32-^TV^. 

[0025] ^ri>. ji^rOD 3 i iO^ttx-^Ji. M 

WMtfm&ZbrfWmmzMHt>ti%^tz#>. -e^iE 
=5r h <r>\±m oix-h^. zryffljEtttbiz . 

i$'bBZttvmbmm. mm4 aoeia^ttas^^i: 

^S^. U— !fS!l#S8t;j;0«-S!|-rSC:i:35P*-e#S. 

[ 0 0 2 6 ] * * y V T4 Klt«®T'ti. 3t«c7)ffiSSi: 
SKi:{±S!l«3tefflX 1 IZtt LXKWzmmtfbb ^^(4 
atc^OT, D3li. 

[SC53 

/2 + S (0) • • (5) 

[»6] 

-D3) /2 • • -5S (6) 

6rtfl 8 OJ^IUKS-e^T'-^Sr^i-. -r^r*>*>. 
[»7] 

(h:) •••^1(7) 
/2 + S (?r) • • • ^ (8) 

[0029] 

»KBS:5V Hz 18 0 2 -ocotfMltZ&tfZ 

wmmmtm^fko?- ? b . mm<n>* * vta 
f&Lx'&tzT-fbizm^z. m%Kcr>maJWftizmm 

~?hW&kfliomt±ol l zhX\^Z>cr)X\ ®$m<m$: 

HEmzm^-thzbifix^h. 



(5) 
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m. (b) liWffciOMU^f^^y^Elt*® 



i T^tw* 

4 a fe^ffi 
6 MM£M 



[011 



5c 5b 5a 



(a) 



(b) 




[03] 




101 9 102 



(6) 
CH21 
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